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SYNTHESIS OF N-EPOXYPROPYL LACI‘AMS 

BACKGROUND OF THE INVENTION 

N-epoxyalkyl lactams, particularly N-epoxypropyl-2 
pyrrolidone, are valuable surfactant intermediates 
widely used in cosmetic and pharmaceutical arts. The 
pyrrolidone compound has been previously synthesized 
by reacting potassium pyrrolidone and epichlorohydrin 
in diethyl ether (E. P. Sidelkovkaya et al., Chim. 
Geterosiki Soevin, #2, page 212, 1968). However this 
method requires the preparation of potassium pyrrol 
idone from potassium hydroxide which involves azeo 
tropic removal of water and extensive ring opening of 
the pyrrolidone component which is highly undesirable. 
Additionally, the reaction of potassium pyrrolidone 
with epichlorohydrin requires the use of a solvent 
which greatly increases the cost of producing product. 
An alternative method, involving reaction with potas 
sium t-butoxide is also prohibitively expensive and the 
low yields resulting from the above syntheses makes 
them unattractive for commerical use. 

Accordingly, it is an object of the present invention 
to overcome the above de?ciencies and to provide a 
commercially feasible process for the preparation of a 
N-epoxypropyl lactam in high yield. 
Another object of the invention is to provide a one 

step process which is suitable for large scale production 
of N-epoxypropyl pyrrolidone. 
These and other objects will become apparent from 

the following description and disclosure. 

THE INVENTION 

According to this invention a lactam having from 4 to 
6 carbon atoms, such as pyrrolidone, piperidone or 
caprolactam is reacted with an epihalohydrin, prefera 
bly epichlorohydrin, in the presence of an alkali metal 
hydroxide, preferably sodium or potassium hydroxide, 
and between about 10-1 and about 10-4 molar concen 
tration based on lactam of a phase transfer catalyst 
having the formulae: 

wherein n is an integer having a value between 3 and 10; 
R is alkyl having from 4 to 12 carbon atoms and X- is 
C1“ or Br-. 

Generally, the reaction is effected at a temperature of 
between about 30‘ and about 75“ C. over a period of 
from about 5 to about 30 hours; preferably at a tempera 
ture between about 32° and about 50° C. for a period of 
l to 18 hours under atmospheric pressure. 
The above catalysts, of which the tetrabutyl- and 

tetraoctyl-ammonium hydrogen sulfates are preferred, 
can be employed in an amount between about 10-1 and 
about 10-4 molar concentration based on lactam. How 
ever, a catalytic amount of from about 10-2 molar and 
about 10-3 molar is usually suf?cient to promote and 
complete the reaction within a resonable period of time. 
The epihalohydrin employed in the reaction is prefer 

ably epichlorohydrin although epibromohydrin may 
also be employed, and this reactant is employed in a 
mole ratio of the epihalohydrin to lactam between 
about 5:1 and about 1:1, although a slight excess of the 
former is usually desired. Mole ratios of between about 
421 have been found to be highly effective in produc 

2 
ing product in high yield within a period of from about 
1 to about 12 hours. 
While the order of addition for the reactants is not 

critical in the present process, it is desirable that they be 
contacted in incremental amounts over a substantial 

‘ period; usually dropwise addition of the lactam over a 

5 

30 

45 

60 

65 

period of several hours is most effective and is conve 
nient for maintaining the exothermic reaction within the 
above temperature range. 

It is recommended that the metal hydroxide em 
ployed in the reaction be highly concentrated. While 
aqueous solutions having a hydroxide concentration as 
low as 60% can be employed without detriment to the 
reaction, removal of water at completion of the reaction 
signi?cantly increases the cost of the process and should 
be avoided. Accordingly, in the process of this inven 
tion, an alkali metal hydroxide concentration of be 
tween about 80 and 100% is recommended. The metal 
hydroxide can be employed as pellets, ?akes or as a 
concentration aqueous solution and is generally used in 
molar amount of from about 1:1.5 to about 1.5:1 with 
respect to the epihalohydrin; about equimolar amounts 
being preferred. ' 
Upon completion of the reaction, the resulting mix 

ture is ?ltered and washed free of metal sulfate with 
methylene chloride, ethyl acetate, toluene, benzene, or 
chloroform, etc. The resulting mixture is ?ltered and 
the ?ltrate distilled to remove excess epihalohydrin and 
other low boiling impurities. The desired product is 
further subjected to vacuum distillation to recover 
product in yields greater than 70%. 
Having thus described the present invention, refer 

ence is now had to the following Examples which illus 
trated preferred embodiments but which are not to be 
construed as limiting to the scope of the invention as 
more broadly as set forth above and in the appended 
claims. 

EXAMPLE 1 

To a 2 liter, 4-neck ?ask equipped with stirrer, re?ux 
condenser, thermometer, and dropping funnel contain 
ing epichlorohydrin (329 ml., 4 moles) was added with 
stirring sodium hydroxide (pellets, 160 g, 4 moles) and 
water (16 ml.) 

Tetrabutyl ammonium hydrogen sulfate (4.4 g, 0.013 
mole) was then introduced during agitation. 

This reaction mixture was stirred at room tempera 
ture for 15 minutes and the reaction exothermed to 
about 35° C. To the above reaction mixture 2-pyrroli 
done (76 m1., 1 mole) was then added dropwise over a 
period of two hours. The resulting exothermic reaction 
was maintained between 35°-45° C. using ice water 
bath. After completion of the 2-pyrrolidone addition, 
the reaction mixture was stirred for an additional 5 
hours and ?ltered and ?ltrate collected. The precipi 
tated salts were washed with methylene chloride 
(4x100 ml.). The ?ltrate and the methylene chloride 
washings were combined, dried over anhydrous sodium 
sulfate, and again ?ltered to remove sodium sulfate. The 
?ltrate was stripped in the rotary evaporator to remove 
methylene chloride and the residue (317.1 g) was placed 
in a distillation flask where, at a temperature of 30°—75° 
C. and about 0.25 mm Hg, the excess epichlorohydrin 
and the other low-boiling impurities are removed. The 
desired epoxide product was obtained at 90°-95° C. (0.2 
mm Hg) and in 75% yield. The structure of this com 
pound 
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was con?rmed by 13C and 1H NMR data. 

EXAMPLE 2 

The reaction of Example 1 was repeated except that 
only 2 moles of Z-pyrrolidone was employed. Using the 
same reaction conditions and work-up procedure, the 
same epoxide product was recovered in 72% yield. 

EXAMPLE 3 

The reaction of Example 1 was repeated except that 
tricaprylmethylamrnonium chloride was used as phase 
transfer catalyst and was reacted for 1 hour. The prod 
uct 2,3»epoxypropylpyrrolidone was isolated in 73% 
yield by distillation. 

It is to be understood that other lactam species, such 
as piperidone or caprolactam can be substituted in the 
above examples to provide the corresponding epoxy 
propyl products in high yield and purity. Also, epi 
bromohydrin can be substituted for the chlorohydrin to 
provide equivalent product yield and purity. 
These and other embodiments of the invention will 

vbecome apparent and are included in the scope of this 
invention. 
What is claimed is: 
1. The liquid phase process which comprises epox» 

ylating a lactam having from 4 to 6 carbon atoms with 
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4 
an epihalohydrin selected from the group of epichloro 
hydrin and epibromohydrin in the presence of an aque 
ous alkali metal hydroxide solution employed in a con 
centration at least as high as 60% or in the presence of 
100% alkali metal hydroxide and a quaternized catalyst 
selected from the group having the formulae; 

wherein n is an integer having a value of from 3 to 10; 
R is alkyl having from 4 to 12 carbon atoms and X- is 
Cl- or Br“, to produce the corresponding N-epoxy 
propyl lactam. 

2. The process of claim 1 wherein the lactam is 2-pyr-= 
rolidone. 

3. The process of claim 1 wherein the epihalohydrin 
is epichlorohydrin. 

4. The process of claim 1 wherein the catalyst is tet 
rabutyl ammonium hydrogen sulfate. 

5. The process of claim 1 wherein the alkali metal 
hydroxide is sodium or potassium hydroxide. 

6. The process of claim 5 wherein the metal hydrox 
ide is used in the form of pellets. 

‘7. The process of claim 1 which is effected at a tem 
perature of between about 30° and about 75° C. 

8. The process of claim 7 which is effected at a tem 
perature of between about 32° and about 50° C. under 
atmospheric pressure. 
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